T he hands of healthcare personnel frequently serve as vectors for the transmission of organisms between patients. Although hand hygiene is one of the most important interventions in reducing transmission of potentially infectious agents, healthcare professionals wash less often and for shorter durations than recommended, and efforts to change their behavior have not been effective. Therefore, it is important to develop new approaches to improve hand hygiene. There is no national standard for hand hygiene products, but antiseptic detergents are most commonly used in adult and pediatric critical care settings (1).
The need for frequent handwashing and the glove changing required among staff in high-risk, high-volume patient care areas such as intensive care units (ICUs) causes skin damage and dermatological problems among staff who practice appropriate hand hygiene vigorously. This skin damage leads to changes in normal bacterial hand flora, shedding of more organisms into the environment, and potentially increased risk of nosocomial transmission of pathogens from the hands of personnel to patients (1) (2) (3) . The challenge is therefore to maximize the antimicrobial effectiveness of hand hygiene practices while minimizing changes to skin health or microflora in an effort to reduce nosocomial infection rates. The purpose of this study was to compare the effects of two hand-care regimens-a 2% chlorhexidine gluconate (CHG)-containing traditional antiseptic wash (Foam Care, Ballard, Draper, UT) and a waterless handrub containing 61% ethanol with emollients (ALC) (Avagard, 3M Health Care, St. Paul, MN)-on skin microbiology and skin condition among ICU personnel.
MATERIALS AND METHODS
This was a 4-wk prospective, randomized clinical trial.
Subjects and Setting
Subjects were eligible for the study if they worked full time (Ͼ30 hrs/wk) in the medical or surgical ICU of a large medical center in northern Manhattan, were aged 18 -65, were free from known allergy to study products, were not currently receiving topical or systemic steroids or antibiotics, and had no diagnosed current dermatologic conditions such as psoriasis. Subjects who reported a latex allergy were eligible for the study if they refrained from using latex products during the study.
The sample size was determined by the numbers required to detect a difference in the Visual Skin Scaling form (see description below). Previous studies have provided a SD estimate of 1.2 (4, 5) . To have 80% power to detect a difference of 1 on the scale at a 0.05 level of significance, 19 subjects were required per group (6) . To account for potential dropouts and poststudy exclusions, 25 subjects were recruited into each treatment group.
Instruments
Assessment of Skin Condition. Although there are physiologic techniques to assess skin condition, many are not practical or reliable in clinical settings. These techniques include measurement of transepidermal water loss, electrical impedence, image analysis, and corneocyte shedding (7) (8) (9) . Some tests require subjects to be in a resting metabolic state in a controlled environment for prolonged periods of time, so subjects would have to leave the ICU and go to a testing site. To address these limitations, several noninvasive tools with high reliability and validity to measure skin condition and irritant contact dermatitis have been developed and tested over the past 15 yrs, and are used in this study:
The Visual Skin Scaling (VSS) form, originally developed by Highley (10) , is used to determine the amount of skin moisture and overall skin damage. The VSS is a six-point scale using stereomicroscopic examination of the hands at three times magnification, and correlates well with other physiologic measures of skin condition (10) . The scores range from 6 (normal, no observable scale or irritation) to 0 (extensive cracking of skin surface, widespread reddening or occasional bleeding). In previous studies, including validation with dermatologist ratings (2-4), as well as in our pilot work for this study, an interrater agreement of Ͼ95% within a score Ϯ1 was consistently obtained over a large spectrum of damaged and undamaged hands of various skin types.
The Hand Skin Assessment (HSA) form is a self-rating scale developed in the 1980s for subjects to assess the condition of their hands. Subjects give themselves a score from 1 to 7 in four dimensions on their dominant hand: appearance, intactness, moisture content, and sensation. The possible range of scores is 4 -28, with 28 indicating totally healthy skin. In previous studies, scores correlated significantly with other physiologic measures of skin damage (11, 12) . Previous studies have confirmed that self-reported symptoms combined with objective clinical measures of skin irritation such as the VSS, described above, provide valid and reliable measures of skin condition of hands that are reproducible and have a high level of sensitivity and specificity (13) .
Diary Recordings. To assess the potential confounding effects of gloving and use of lotion, frequency of handwashing, and numbers of patient contacts, a diary card was kept by each subject to record the number of hand hygiene regimens performed, number of patients contacted, the number of glovings, and approximate total time spent in gloves (in hours) per working shift. Participants were asked to complete the diary card for ten working days (120 hrs) throughout the study. Reliability and validity of diary recordings were assessed by daily visits to participants on each shift at unexpected intervals, including random inspection of diary cards in progress. If staff had incomplete cards at any time during their shift, they were asked to refrain from completing the cards from memory and to start a new diary recording at the beginning of their next working shift. At the end of the study period, subjects assigned to the ALC protocol completed a questionnaire comparing the ALC and CHG protocols (all participants had been using the CHG protocol for at least 4 months before this study) for ease and speed of use, effect on skin and gloving, and preference.
Microbiological Techniques. Hands were sampled using a modified glove-juice technique. The subject inserted the dominant hand into a sterile polyethylene bag containing 50 mL of sampling solution (0.075 M phosphate buffer, pH 7.9, containing 3% polysorbate 80; 0.1% Triton X-100; and 0.3% lecithin). This solution neutralizes any residual antiseptic on the skin and facilitates removal of microorganisms by dispersing the colonies into single cells, which can then be counted as colony-forming units (CFU). Before the study, the neutralizing system was validated to demonstrate that there was no effect of the sampling solution on growth of microorganisms and that antimicrobial activity was effectively neutralized (14) . The entire hand was massaged by the data collector through the wall of the bag for 1 min and samples were taken to the microbiology laboratory within 1 hr for processing. Before the first (baseline) sample, participants washed for 10 secs with a mild, nonantimicrobial soap to remove soil and transient contaminants. All subsequent cultures were obtained immediately after use of the assigned test product.
For the lowest limit of detection, 1.0 mL of the undiluted glove juice sample was spread plated across three plates (0.3 mL, 0.3 mL, and 0.4 mL) of the following media (all from Becton Dickinson Microbiology Systems, Sparks, MD): 1) sheep blood agar (SBA) and colistinnalidixic acid (CNA), in duplicate, and 2) MacConkey, Sabouraud's (with chloramphenicol and gentamicin) and bile esculin, singly plated. The counts were added from all three plate dilutions of SBA and CNA to obtain the lowest limit of detection (10 0 ) and an average was obtained from the duplicate series. This number was multiplied by 50 mL to produce the total CFU/hand. An inoculum of 0.1 mL of sampling solution (undiluted, 1:10, 1:100, and 1:1000) of glove juice sample was also spread plated in duplicate onto SBA and CNA.
All plates were incubated at 35°C and observed daily for growth over 48 hrs for bacteria and up to 7 days for yeast. Speciation of Gramnegative bacilli was performed using Api 20 NE and Api 20E (bioMerieux, Hazelwood, MO), staphylococci by coagulase and Staphaurex (Murex Biotech Limited, Norcross, GA), enterococci and micrococci by MicroScan (Dade Behring, Deerfield, IL), and yeast by germ tube formation.
Procedures. The study protocol was reviewed and approved by the institutional review board representing the study institution, and subjects signed a written consent form before enrollment. Persons who volunteered and met all inclusion and none of the exclusion criteria were assigned randomly generated subject numbers to determine their treatment group assignment. Upon enrollment in the study, the subjects completed a demographic form and provided information regarding their usual hand hygiene practices and the usual condition of their hands. Subjects in the ALC group received training in the application procedure. They were provided with individual bottles of the ALC product and a mild, nonantimicrobial liquid soap, with instructions to use the soap only if hands became soiled or needed physical cleaning. They were instructed to dispense sufficient product into their palms to moisten the entire surface of the hands, about 2-3 mL. Subjects using CHG, which was the current product in use in both study units, were reminded to use the product according to the directions provided by the manufacturer on each container. The skin condition measures (VSS and HSA) and hand cultures were obtained four times: at baseline, during the first day of wk 1, and as late as possible on the subject's last workday of wks 2 and 4.
Because the use of hand lotion can affect the primary outcome of skin condition, and many common lotions inactivate CHG (15, 16) , all subjects were provided with a CHGcompatible lotion (Prevacare, Johnson & Johnson, Arlington, TX). Hand lotion usage was measured in two ways: subjects were asked to record each application of lotion on their diary cards, and the bottles were weighed (in grams) at the end of the study to determine the volume used. We made every attempt to ease the participant burden with convenient signs, recording sheets, and in-person reminders.
Over the course of the study, 69 observations of participants' hand hygiene practices were made at various times throughout the working period. The time required to perform the hand hygiene regimen and deviations from the prescribed protocol (e.g., touching the sink area immediately after washing, failing to cover all hand surfaces or to dry hands) were recorded for both treatment groups. The observations were made in the last 3 wks of the treatment period (wks 2-4) after study subjects had been using the product long enough to have established a comfortable routine of application. Over the study period, one or more members of the research team made daily visits on all shifts to monitor compliance to the study protocol, answer questions, and collect data.
Data Analysis
All bacterial counts were transformed to log base 10 before analysis to normalize the data. The Kendall tau-b, chi-square, or Fisher's exact test was used to compare differences in proportions between the ALC and CHG groups in categorical variables. A "change score" was calculated to examine the measure of skin condition by subtracting the score at each measurement interval with the baseline score (e.g., VSS2ϪVSS1). The nonparametric Mann-Whitney test was then used to compare these change scores for VSS and HSA between the two groups. The Student's t-test was used to compare the two groups with regard to continuous variables. Analysis of covariance was used to compare log CFU counts between the two groups at each time interval, controlling for baseline counts. The paired Student's t-test was used to compare microbial counts at each time interval (day 1, wk 2, wk 4) with baseline counts within the ALC and CHG groups separately. A hand hygiene ratio was calculated (number of hand hygiene episodes/ number of patients contacted) and compared using the nonparametric Kruskal-Wallis test across disciplines (physicians, nurses, other staff). One-sided p values were calculated for the skin condition variables; two-sided tests were used for all other variables. A cost-in-use calculation was also done using the acquisition cost of each product and the usage volume specified in each manufacturer's directions for use.
RESULTS
Fifty subjects entered the study; half each in the ALC and CHG groups. Fortysix subjects completed the entire study. Two subjects discontinued participation because they did not choose to continue with data collection, one left the study unit before the final sample, and one nurse in the ALC group had a dermatologic problem that required dropping out of the study. Follow-up on that problem revealed that the participant had a history of multiple allergies, and later patch testing for potential allergy to ingredients in the study product was negative. There were no significant differences between the two treatment groups with regard to any demographic or clinical practice variables (Table 1) .
Reported Skin Care Practices
Participants recorded an average of 116.9 hrs of time in their hand hygiene diaries. Mean reported handwashes/12-hr shift for the entire group was 11.7 and mean ALC applications was 17.7. Lotion was applied a mean of 5.5 times, and participants reported contact with an average of 3.96 patients/shift. An average of 15.7 glovings were reported, with an average number of hours in gloves estimated to be 2.6 hrs each shift. There was a significant correlation between the selfreported number of applications of lotion and the amount of lotion used as verified by weighing the lotion bottles at the end of the study (p Ͻ 0.001). As expected, the CHG group reported significantly more handwashes/shift, inasmuch as the ALC group was instructed not to wash their hands unless they were physically soiled. There were no significant differences in other practices between the two hand hygiene groups (Table 2) . There were no significant differences by profession (physician, nurse, or other staff) in reported total mean hours in gloves/shift (p ϭ 0.09), but nurses and other staff donned gloves about three times more often than did physicians (p ϭ 0.01). Whereas nurses and other staff reported a greater number of hand hygiene episodes (handwashes plus alcohol applications) per shift than physicians (p ϭ 0.21), nurses and other staff also touched patients more often than did physicians (p ϭ 0.02). Hence, the hand hygiene ratio (hand hygiene episodes/ number of different patients touched) was significantly higher for physicians than for nurses (p ϭ 0.001), i.e., they washed more often per number of different patients contacted. Although reported mean number of lotion applications did not differ significantly by discipline (p ϭ 0.15), other staff (respiratory therapists and housekeepers) used a significantly larger volume of lotion than did physicians or nurses (p ϭ 0.04) (Fig.  1) .
Skin Condition
There were no significant differences in either of the skin assessment measures at baseline or during the first day between the two study groups. All change scores (difference from baseline) for the ALC group showed improvement, and all change scores for the CHG group except at wk 2 showed a worsening of skin condition. At wks 3 and 4, those in the ALC group had significantly better VSS scores (p ϭ 0.01 and p ϭ 0.0005, Table 3 ). By wk 4, subjects' self-assessment of skin condition using the HSA was also significantly better for those in the ALC group (p ϭ 0.04). Although there was no significant difference between the two groups at baseline in the subscale of "moisture" (p ϭ 0.36), by wk 4 those in the ALC group scored significantly better (mean scores 6.26 and 4.74, respectively; p ϭ 0.02). Subjects in the CHG group applied lotion 50% more often than subjects in the ALC group (means of 4.3 vs. 6.7 applications/ day, respectively; p ϭ 0.19). Participants in the ALC group had significantly higher log CFU counts at baseline than the CHG group (mean log counts 5.03 and 4.41, respectively; p ϭ 0.01), but there were no significant differences in CFU counts between the two groups at any other time interval after controlling for baseline counts with analysis of covariance. For the CHG group, there were no significant differences between baseline mean log counts and mean log counts from day 1, wk 2, or wk 4. For the ALC group, counts were significantly lower than baseline at day 1 (5.03 vs. 4.59, respectively; p ϭ 0.03), but not at other time points. The microbial counts on hands of participants using CHG increased slightly in wks 2 and 4, whereas the counts decreased slightly at each time interval among those using ALC (Table 4) .
Participants' Practices and Assessment of Products
Observations of participants' hand hygiene practices included 36 (62.2%) in the medical ICU and 33 (47.8%) in surgical ICU, 41 (59.4%) on the day shift and 28 (40.6%) on nights, and 38 (55.1%) with the ALC protocol and 31 (44.9%) on CHG protocol. The ALC product and regimen resulted in a 41% decrease in application time, from a mean of 21.5 secs for CHG to a mean of 12.7 secs for ALC (p ϭ 0.0001). The ALC also resulted in less deviation from protocol, with 7 (22.6%) of CHG observations showing deficiencies in practice vs. 3 (7.9%) for ALC (e.g., recontamination of hands, failure to cover entire surface, failure to dry hands; Fishers' exact test, p ϭ 0.08). Based on manufacturer's directions for use and cost of each product, the ALC product reduced the cost from $0.05/application with CHG to $0.025/application, an overall cost savings of 50% for materials. Further cost savings would be recognized for ALC if time savings were also factored in. Participants rated the ALC regimen easier (75%), faster (90%), and milder (80%), and expressed a preference for the regimen (70%) when compared with the CHG regimen (Fig. 2) . 
DISCUSSION
Differences in hand hygiene practices among physicians and nurses have been frequently described (3, (17) (18) (19) (20) (21) , and our findings in that regard are consistent with others. Although critical care nurses touch only a few patients during each working shift, they are in frequent and close contact with them, performing a variety of procedures that place them at high risk for acquisition and transmission of patient flora. Hence, it is often necessary that they wash their hands and they don gloves more often than physicians. The frequency of handwashing and gloving were two variables significantly predictive of skin damage in a previous study (2) , so it is not surprising that nurses also used more lotion than physicians. Skin damage has also been associated with undesirable changes in the microbial flora of the hands, and should be avoided (22, 23) by keeping the skin moisturized (24) . With regard to our measurement tools for skin condition, the observer-completed VSS and participant-completed HSA were well correlated.
Detergent-Based Antiseptics and Alcohols
Efficacy and Effectiveness. In this study, a hand hygiene regimen that replaced use of a detergent-based antiseptic with a waterless lotion containing alcohol and emollient resulted in similar microbiological effectiveness and improved skin condition of critical care staff. These results are consistent with results of two additional studies that we have recently conducted in a neonatal ICU (25) and a surgical setting (5) . In the former small pilot study (16 neonatal ICU nurses) , the alcohol hand regimen resulted in comparable log CFU reductions and was associated with a significant improvement in skin condition when compared with the traditional antiseptic handwash regimen. In the operating room trial, an alcohol/ CHG product containing emollients replaced the traditional surgical scrub during a 3-wk crossover period and was again associated with significantly lower log CFU counts and significantly improved skin condition among 22 surgical personnel. It is important to note that the alcohol products used in each of these studies were not the same. Although improvement in skin condition and superior log reductions were associated with specially formulated products, a common ingredient was alcohol, indicating that it is possible to formulate alcohol products that are highly efficacious and mild to the skin. Although detergent-based antiseptic products are commonly used by staff in U.S. critical care settings, alcohols have been used for decades, particularly in several European countries, for hand hygiene, and their antimicrobial effectiveness and rapid activity are extensively documented (26 -38) .
In addition to antimicrobial effectiveness, two other criteria are important when selecting hand hygiene products for high-risk patient care areas-effects on skin health and cost. One major deterrent to the adoption of alcohol-based products in U.S. hospitals has been concerns about the potential damaging effects of alcohol on the skin. In fact, when Doebelling et al. (39) in 1992 conducted a crossover study in several ICUs to compare traditional handwashing with alcohol hand rinse, there was a significant reduction in frequency of hand hygiene during the alcohol phase-staff simply did not use it. Probably as a result of this confounder, the investigators reported a significant reduction in nosocomial infection rates during the period of use of antiseptic detergent. This was unfortunate, because there are essentially no other clinical trials that have assessed the impact of alcohol-based products vs. traditional handwashing on the outcome of nosocomial infections. The Doebelling study was of great importance because it demonstrated the added value of antiseptic handwashing, but the comparison product was primarily a plain, nonantimicrobial soap rather than alcohol.
Concerns about the drying and damaging effects of alcohol products seem to be unfounded. Data from recent studies consistently demonstrate that they are actually less damaging to the skin than soaps and detergents, and their use is associated with increased staff compliance with hand hygiene standards (28, 33, 40 -43) . With regard to cost, Voss and Widmer (44) demonstrated that use of alcohol-based products in critical care areas would reduce the time required for hand hygiene by about 80%. In our study, we confirmed that the ALC regimen took significantly less time than the traditional wash.
Potential Untoward Effects. No hand hygiene product is free from potential risks or side effects. Reported untoward effects of CHG include keratitis and corneal damage (45, 46) , local skin reactions (47, 48) , and anaphylaxis (49 -53) . Although alcohol has long been considered one of the safest antiseptics available, allergic contact dermatitis and urticaria have been reported following alcohol use (54 -56) . One nurse in the ALC arm did have a dermatologic reaction that required her to drop out of this study, but it was unclear whether this was associated with the product or with preexisting risk factors. Both CHG and alcohol aerosols have caused occupational asthma in nurses (57) .
One disadvantage of antiseptic products containing CHG is that they are neutralized by anionic surfactants present in most over-the-counter hand lotions (15, 16) . This requires that special lotions be provided for staff working in units in which CHG-containing products are used. A potential concern with alcoholcontaining products is flammability, but the only recently reported case of a problem related to topical application was as- sociated with misuse as a preoperative patient surgical skin preparation in the operating room (58) .
A few comments regarding study strengths and limitations should be made. It was a challenge in the busy work environment of several ICUs to assure and monitor compliance with study protocols, and there were indeed deviations from the protocol. For example, some staff members reported forgetting their lotion and sharing with others, and some found the diary recording to be a burden and sometimes recorded their practices after several hours, depending on their recall. Generally, when their diary cards were checked, staff were found to be very conscientious about real-time recording. The fact that there was a significant correlation between amount of lotion used as measured by self-report and by weighing of lotion bottles was an indication that the reliability of staff reporting was satisfactory. Finally, our cost estimates were based on product volumes recommended by the manufacturer rather than actual volumes used because we thought it more appropriate and generalizable to use this standardized amount, and because our random observations of staff confirmed that the volume of product being used was generally in accordance with directions.
SUMMARY AND CONCLUSIONS
Under in-use conditions in two adult critical care units, an alcohol-based hand hygiene product was comparable with a CHG-containing antiseptic detergent in terms of antimicrobial effectiveness, was associated with improved skin condition, and took significantly less time for use. These findings are consistent with a number of other studies, and indicate that it is appropriate to consider changes in hand hygiene practices in acute care settings from the traditional antiseptic wash to use of plain, mild soap for cleaning and an alcohol-based product for degerming. Further research is needed to examine the association between use of antiseptic products for hand hygiene of staff (both detergent and alcohol-based) and reductions in nosocomial infection rates among patients. 
